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Optimization design of fly ash ground polymer grouting
material based on RSM

CHEN Yu, WU Sihua, DING Jingwen
(School of Traffic and Transportation Engineering, Changsha University of Science & Technology,Changsha 410114, China)

Abstract: To effectively solve the optimization problem of the mix design for fly ash-based polymer
grouting material (FGGM ), the response surface methodology was used to design the FGGM system.
The effects of slag content 4, sodium silicate concentration B and water-to-binder ratio C and their
interaction effects on the fluidity and 28 d compressive strength of FGGM were investigated by
creating quadratic polynomial prediction model and variance analysis. The results show that the ratio
has the most significant effect on the fluidity of FGGM, followed by sodium silicate concentration and
slag content, while slag content shows the most notable influence on the 28 d compressive strength,
followed by w/b ratio and sodium silicate concentration. The results of RSM analysis indicates that,
with the optimal mix proportion of 4=28.8%, B=1.37 mol/kg, and water-to-binder ratio=0.56, FGGM
can provide desirable fluidity and 28 d compressive strength, complying with all the requirements for
grouting materials. Moreover, the relative error between actual value and predicted value was within a
reasonable range, which verifies that RSM can effectively optimize the mix design of FGGM and has
accurate prediction ability.
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Table 1 The main chemical components of fly ash and slag

%

MW (SI0,)|w(ALO,) [w(Fe,0,)|w(CaO) [w(MgO)|w(S0,)| w(LOI)

T

56.80 | 31.90 1.02 2.80 | 0.65 0.48 4.80
Y3

1| 36.50 | 14.30 3.20 33.60 | 7.50 0.80 0.46

1.2 KEHE

T Bl S BN [ B 35 5 O 23 b R 5 S
[ 4 AR FLFE ) (SZ-G-B04—2007 ) , ik 36 T H hy 4k
. 042270 mm, F O£ 10 mm, &
450 mm; PF A T HOMH PR R E R 0.1 s; $LE
5 2 B COK U B D o B 3k 56 O % (IS0 %) )
(GB17671—1999) , 155 2k H Wi VL R F AL I & A
RS F]AE P2 18 Y AW =300D S AL ¥ il e F7 3086 4L , 1K
R SFR/NE 40 mm X 40 mm X 160 mm B K 5 7432
F B 3 AN ORI EAE D A5 R
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Table 2 Response surface test factors and coding level

it K F
-1 0 1
Al% 10 20 30
B/(mol-kg™) 1.0 13 L6
c 048 0.54 0.60

3 mMEIREESERS D0

31 HIEER
X RSM 3% 3 A BC A b A7 3 20 24 I3k Fi 28 d
PSR MR, 45 R L 3.
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3.2.1 7 E5 A ey i AR
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AR P e A R . T ] S A PR DL A
F i g5 2 7 2 93 M7 7% (analysis of variance,
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Table 3 Response surface test results

Hii 5 Al% B/(mol-kg™") c i sht/s 28 dPLIESH E/MPa
1 30 1.6 0.54 20.5 315
2 20 1.6 0.48 442 29.4
3 10 1.6 0.54 20.3 172
4 20 1.6 0.60 147 28.2
5 30 1.3 0.60 12.2 327
6 10 1.3 0.48 453 21.3
7 20 1.3 0.54 183 29.7
8 20 1.3 0.54 17.3 29.1
9 20 1.3 0.54 17.6 31.1

10 20 1.3 0.54 18.1 30.1
11 30 1.3 0.48 44.4 35.9
12 20 1.3 0.54 21.3 28.4
13 10 1.3 0.60 13.6 17.3
14 20 1.0 0.60 17.6 26.3
15 20 1.0 0.48 483 31.9
16 10 1.0 0.54 26.7 183
17 30 1.0 0.54 315 29.3
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Table 4 Anova tables for fitting parametric linear models
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(Lof) ) ) ‘ ’ ’
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ERTER!
SMEIE i B
k-1 Se. = > = y)
(Tot) o 121 ! !
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Y,=18.52+0.344-3.05B-15.51C-1.154B
-0.12AC+0.30BC+1.954*+4.28B*+8.4C*(5)

Y,=29.68 + 6.914 + 0.063B - 1.75C + 0.824B
+0.204C + 1.10BC - 3.884% - 1.73B* + 1.00C?

(6)
ANOVA ZER L5~ 6, Horh P, iR 22 HE R
MIEL. TE 7 2250 it B v, P R4 R RAEA A
KMk, HAH B EZ I 1, AL A5 MR AT 5 A I P R
R, AT e RECR WEER R, HLO A 22
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TR IR AR, 2 55 RBUNT 10%, 5056 A4 1 58 5 45 2%
FEABFRATME LY, S i 2 B AL BT TR RE T, —
VAHR T 4 A G FCOM i sl A1 28 d 47t
JE 55 FE B 7 243 T WLFE 5 ~ 6. Tt sh i Il A AR 76 £
R*=0.986 9, R*,=0.970 1,R*,=0.851 0,78 5+ R4 C,
H 8.44% , K5 % 5 22.576528 d i 5 JEE (] ) A Y
() R*=0.985 5, R,,=0.966 8, R* =0.887 1,C,=3.71%,
K% B A 24.066, FHIL AT LUE Y #5080 14 46 T0 48 b
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Table 5 Variance analysis and error statistics of fluidity
JEEKUE | P | AmEE| HrE F Py
FEEY 2427.370 9 269.710 | 58.670 | <0.000 1
A 0.910 1 0910 0200| 0.669 6
B 74.420 1 74420 | 16.190|  0.0050
C 1925.100 1 [1925.100 [ 418.750 | <0.000 1
AB 5.290 1 5290 1.150| 03190
AC 0.063 1 0.063| 0.014| 09105
BC 0.360 1 0360 | 0.078| 0.7877
A2 16.050 1 16.050 | 3.490| 0.1039
B 77.040 1 77.040 | 16.760 |  0.004 6
c? 297.270 1 297.270 | 64.660 | <0.000 1
B 2% 32.180 7 4.600
AT 21.890 3 7300 | 2.840| 0.1698
aifR 7% 10.290 4 2.570
BBIE | 2459550 | 16

R6 28dIIEREM T £ 5 W HRE %

Table 6 Analysis of variance and error statistics of 28 d

compressive strength

Jr 2RI | SR AME | Bz F Py
FELTY 495.570 9 55.060| 52.72| <0.000 1
A 382.260 1 382.260 | 366.03 | < 0.000 1
B 0.031 1 0.031] 0.03 0.867 6
C 24.500 1 24.500| 23.46 0.001 9
AB 2.720 1 2.720| 261 0.150 4
AC 0.160 1 0.160| 0.15 0.707 1
BC 4.840 1 4.840| 4.63 0.068 3
A? 63.310 1 63.310| 60.62 0.000 1
B 12.570 1 12570 | 12.03 0.010 4
(o 4.190 1 4.190| 4.01 0.085 3
i 7.310 7 1.040
AU 3.140 3 1.050| 1.01 0.477 1
a2z 4.170 4 1.040
BBIE | 502.880 16
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